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COMPLETE SPECIFICATION 

Improvements relating to Carbohydrate-Derived 

Polymers 

^,5^^? Mn 5- MaRke™^ Board, a British body corporate established by 

statute, of Thames Ditton, Surrey, Great Britain, do hereby declare the invention, for 

S 7ZJ? Pr l y f a pa ^ mav be g ranted » ™, and the method by which it is to 

be performed, to be particularly described in and by the following statement: — 

™~ 1 mvenao . n ^Jes to the preparation of carbohydrate-derived synthetic poly- 5 

f TI 65 111 P articular the invention relates to synthetic hnear 

polymers formed from esters of <x£ unsaturated polymerisable acids and galactose 
_ " 1S toown to synthesise high molecular weight polymers by treating unsaturated 
10 ^ ^' SUch 38 nietfaacrylate and acrylatef with free-radical catalysts. It is 

further known to synthesise high molecular weight polymers containing carbohydrate 10 
residues by treating suitably substituted carbohydrate memacrylates^acrySS 
f?/ 3 o Examples of such sugar monomers are 1,2 : 5,6-di-Oliso7ro^ 

ite- ^-methacryloyW-gluMfuiaDose (Black, Dewar and Rutherford, j/Chem. 

15 £S Ji i ?\ J ^f 1 ^ "!* Imoto ' Makromol > Chem., 1961, 50, 155) and 3-0- 

acryioyl - 1,2: 5,6 - di - O - isopropyhdenea - Z> - glucofutanose (Fisher and Harper, 15 

o™^? 1 , 3 ' 103 > 5 j )8 )- In preparing these monomers, all but one of the hydroxyl 

Em£s£ g , UC S S 1 are frSt with acetone to fonn ^ l,2:5,6-diketal, and the 

remaining alcohol group on position 3 is then reacted to give the unsaturated ester, 

20 J* P ol ymerisable to soluble, fusible products. If glucose is reacted direcdy with 

the unsaturated esterifying reagent without prior treatment with acetone, a polyfunc- 20 
tional sugar monomer results, and such compounds cross-link during polymerisation 
to giye hard, brittle, intractable resins, which have no utility ymcnsanon 
The importance of carbohydrate-derived polymethacrylates and polyacrylates lies 

25 %3r.f£i tha . t .? c acetone blocking groups can be selectively removed by treatment 

™* aad tp yield water-soluble, high molecular weight colloids of outstanding indus- 25 
trial potential. Thus, poltfdi-O-isopmpyMene-S-O-mem^ 25 
converted by hydrochloric acid into the water soluble poly(3^0-methacryloyl-D- 
5S°$ i ( ^ l0t , dt ) - Unlike nonnal Polysaccharides of plant, animal and 

30 ™ l 1 °f gm ' tfas ^thetic polymer has its reducing group at position 1 free in 
every glucose unit and so is much more reactive than polysaccharides wherein only 
the reducing group at the end of the chain is free. y 
„T he , p ^ ese j lt invention relates to several improvements in the production of carbo- 
hydrate-derived synthetic polymers and derivatives thereof having exceptional com- 

35 SSw- P 10 ™"*- M °re particularly, this invention relates in one major aspect to 
synthetic polymers containing substituted or unsubstituted D-galactose residues A 

hW^L n ! a i 0r aS £ ect ? f ^ invention relates to a process for removing the acetone 
blocfeuig groups from the substituted galactose polymers. 

~f o CC ? r ^° g »° ^ P^sent invention a method of preparing a polymer from esters 
40 Zf* , oI e finicall y unsaturated polymerisable aliphatic mono- and di-carb6xyiic acids 

and galactose comprises reacting a ketone with galactose to form a 1,2:3,4 diketal 40 
SK? aU CSter °I. sai d diketal and an olefinically unsaturated polymerisable 
ahphaoc_mono« or di-carboxylic acid, polymerising said ester in the presence* a free 
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radical catalyst and finally removing the diketal residues from the polymerised pro- 

^SSglSSSSt* hydrolysis is effected &$BE& 
product in an organic acid and diluting the solution gradually with water. Ireteraoiy 

5 ^ Tn&cSfy unsaturated aliphatic mono- 

include acrylic, methacryUc, ^-chloroacryhc, 

maleic, fumaric, half esters of fumaric, «-ethacryhc, itacomc and half esters ot itaconic. 
The preferred acids are acrylic and methacrylic. „„„„„ 
10 Sbk ketones include acetone, methyl ethyl ketone, methyl propyl ketone, mono- 

chloracetone and cyclohexanone. The preferred ketone is acetone. 
The free radical catalyst is preferably azobisisobutyronitnie. 

TheSaif S be formed by reacting the diketal with a lower hydro- 
carbon ester of the <*& olefinically unsaturated acid in the presence of a yinyl poly- 
15 SSyTtaUhte £d a cataly| and distilling off hydrc^on alcohol from die 
reaction mixture as it is formed. Said " lower hydrocarbon ester may be a methyl, 

^figSggg Sf 2? be prepared by reacting the diketal with an anhydride 

20 ° f *af pStvention is also a polymer of an ester between the hydroxyl group 
in the 6 position of galactose and an unsaturated polymensable acid 

Specific examples of the invention are polyfealactosc 6-methacrylate), poly(galac- 
tose 6-acryiate) and derivatives thereof. .... , „„„ 

We Lve discovered that polymers derived from galactose monomers posses 

25 higher molecular weights than those of polymers ^f^J^^^J^Z^ 
monomers. This is attributed, at -least in part, to the fact *at ^ monofuac^J, 
polymerisable galactose compounds of this mvenuon ^.T^ r ^ d ^S! 
derivatives, whidi can be obtained in a high degree of purity by repeated recrystai 

30 ^We have also discovered that the high molecular weight polymers -derived from 
gaJacWaTdea^etonated wit h difficulty, if at all, by ^atme^t^th hytochlonc or 
^eTamieous mineral add, but that deacetonation is readily effected by _ dissolving the 
Snattdpolymers in an anhydrous organic acid, preferably formic a«^ and gradu- 
aSy dUutinf thTsolution with water, whereby die protecting acetone groups are ^skwly 

35 hydrolysed off, leaving the water-soluble, high molecular weight, deacetonated 
polymers. ^ ^^.^ ^ scQpe rf this may be represented structurally 

as f ollows : — 
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5lfRiSo.CMe:CH 2 ) aiI:R>=Me) g^f^S? 

rv-R=COCH-CH ~) VI:R I = H) (VII:R 1 =H) 

' For viscosity measurements, n k probably in the region of several hundred 
and may be as high as 1000, and the molecular weights of the polymers may be of 

the order of several hundred thousand. m 

The well-known compound, 1,2: 3,4^1-O-isopropyhdene^-g^^^ 
known hereafter as diisopropylidenegalactose, is esterified with metfwcryhc anhydride 
nT ^yridh^olution to Jive the pure, crystalline 6-methacrylate ^I). Monomer (II) 
is potymSsed in bulk or in benzene solution with azobisisobutyronitnie or other 
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polymer (IV) is isolated afSalS ' aCet ° ne v ° apa ' and the novel s y nthe ^ 

cthyl^cXe" 'aSSSoSSSS* i^ 0 '* S ^ the£ised «* transesterification between 
Patent S Tiof 508 fn?T7 '^ aIa ? 0SC m accordance with the teaching of U.S 

Si SS^iSsaSS*' 00,6 monomer - Compound ^ * ^ 

acrylal) (TV), £ ^^5^,?,°^ water - lubIe P 0 ^ Setose meth- 

viscosity (5.2 dl/ E in t^lnmST (D.S., uf 3.65 and with a high inherent 
presence of pyridine^iS fa henS ^ ,^^7^ ben2oyl chJoride » 

good yield. Nidation of nnWmLJ J? • the ^"^carbamate derivative in 

insoluble trinitrate F ' Wim DItr0gei1 P"*™^ in chloroform gives an 

tives S m SifiW^f u Se T 3 *?^ <y n >> ako Sivcs rise to potentially useful deriva- 




For the tetraacetate : R = CH 3 .CO 
» „ tetrabenzoate:R = C c H 6 .CO 
« „ J etr ^P he pylcarbamate:R==C 0 H a .2SIH.CO 

A further important class of derivatives of polymers (IV) and A7T"T\ ™ k 

hyd^co^CVU^nd^TO LuS. "^ W "* nfosutmed polymmc phenyl- 
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(VIII:R' = Me) 

A X ph^ylSzone derivative of polymers (IV) and (VII) is prepared by heating an 
aqi^ous solution of the polymer with phenylhydrazme and ^f 1 '™ 6 '*™,™^™ 
reveals that only one in every three galactose units is substituted as the phenylosazone, 

^S^Tr^ 

(galactose acrylate) (VID is oxidation at carbon atom 1 Chlorous acid at pH 3 con- 
SerS polyme7(IV) initially into poly(6-0-methacryloyl-D-galactonic acid) (X) which 
on isolation ana drying loses a molecule of water to give the water-insoluble polymeric 
1,4-lactone (XI). 



•CR.CH 2 - 
C0 



CH 2 0 

HpJ-OH 

PP2H 



OH 



HC.0H 



CH 2 0,C0 



•CR'XH? " 



n^y^^e^cSllgSmc adds! OnW neutralised with an atoli mej 
hydride, sich^ Sodium hydroxide, they give extreme y viscous solutions m ^vater 
whichbe5>me much less viscous on addition of an electrolyte, such as sodium chloride, 
whS su^s" ionisation of the macromolecule. These salts are thus typical poly- 
SeS>lXVw1Sh constitute an industrially useful class of compounds. Among high- 
moS^-weYght polyelectrolvtes that are used extensively in «du^y, one may a« 
sodium alginate, sodium pectate, carrageenan, and many other gums and muc Iages 
coSing^dQic groups. PoWids (X) and (XII) also resemble pectic and dginic 
acids in forming insoluble salts with many metal cations. They differ, however, m 
lacronising much more readily than pectic and alginic acids. _ . o , of > fJV -. ■ 
The reducing group at carbon atom 1 of poly(gatactose methacrylate) (IV) is 
readflv reduced with sodium borohydride in aqueous solution to give poly(6-0-meth- 
acryloyl-D-galactitol) (XIV) in high yield : — 



-CMe.CHv 
I 2 
CO 



CH 2 0 



H0i— OH 



OH , 



(XIV) 

tt,- has a hieh inherent viscosity and is non-reducing. It gives a tetramtrate 

^n.hSS it^Sn 7-mxide in chloroform, which is partially soluble m ethyl 

aCCta The following examples show embodiments of this invention with the under- 
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standing that the examples are illustrative only. It should be appreciated that changes 
m the reaction conditions will produce different degrees of substitution, inherent 
viscosities, and specific rotations. The degree of substitution can be varied at will 
aS in ^U e r C 1f . natural Polysaccharides, such as cellulose, starch, alginic acid, etc. 

The following examples show embodiments of this invention.. 5 

Example 1. 
Preparation of Diisopropylidenegalactose (I). 
Eleven and a half grams of anhydrous galactose, 25 g of anhydrous copper sul- 
phate, 250 ml. of anhydrous acetone, and 1.25 ml. of concentrated sulphuric acid were 
shaken for 24 hr. at 20°, the copper sulphate filtered and washed with acetone, and the 10 
titrate and washings neutralised by shaking with 12 g of powdered calcium hydroxide 
tor 18 hr. The solids were filtered and washed with acetone, and the filtrate and 
washings concentrated and distilled in a high vacuum. The colourless, viscous syrup 
which boiled at 100° 1 0.04 mm. amounted to 12.6 g (75.9% yield) and was identified 
as dnsopropy idcnegalactose (I), [«] D -57.4° (2 g. [ 100 ml. in chloroform). 15 
Anal.: C, 55.6; H, 7.9. Calc. for Q 2 H 20 O 6 : C, 55.4; H, 7.75%. 

Preparation of Diisopropylidenegalactose 6-methacrylate (II). 
i« 1 sd : utio ? ° f 26 - 8 S of d&opropyhdenegalactose (prepared as described above) in 
£ ^ anhydrous pyridine was heated at 65° for 3.5 hr. with 27 ml. of methacryHc 
anhydride. A hundred and diirty-five ml. of water were then added, the solution 20 
heated at 65° for 1 hr. and at 30° for 17 hr., and the mixture extracted three times 
with 50 ml. each of light petroleum (b.p. 30—40°). The petroleum extracts were 
washed three times with 140 ml. each of water and three times with 140 ml. of 5 °/ 
sodium bicarbonate solution, dried with anhydrous sodium sulphate, and filtered 0 
Tetrachlorohydroquinone (28 mg.) was added to the filtrate and the petroleum was 25 
stripped off un,der reduced pressure. The resulting whire solid was recrystallised from 
a mixture of 140 ml. of ethanol and 100 mL of water, and the white crystals of pure 
diisopropyhdenegalactosc 6-methacrylate (II) weighed 16.1 g. (47.5% yield) and had 
a melting-point of 62.5—63° and a specific rotation of -49.2° (1.13 gllOO ml in 
30 chloroform). ttt 
Anal.: C, 58.4; H, 7.42. Calc for Cx 0 H 27 O ; : C, 58.5; H, 7.36%. 

Polymerisation of Diisopropylidenegalactose 6-Methacrylate. 
Ten grams of Diisopropylidenegalactose 6-methacrylate (prepared as above) 20 
mg. of azobisisobutyronitrile, and 2.5 ml. of rigorously de-oxygenated benzene were 

35 , at f^ at 50 ° for 24 hr - in a £ kss stoppered flask. The polymerised product was dis- 35 

solved an 400 ml. of chloroform and the solution dripped slowly with stirring into 
4 litres of methanol. The supernatant was decanted and the white precipitate of poly- 
(oiisopropyhdenegalactose methacrylate) (III) washed thoroughly by decantation with 
m ?^ ol \T he ^ polymer weighed 9.50 g. (95% yield) and had M D -54° (0.5 

40 g. 1 100 ml. in tetrachloroethane). The inherent viscosity was 2.82 dL Ig. (0.5 z 1 100 40 
« - m Jtt^™™h™> 25°). Anal.: C, 59.1 ; H, 7.40. Calc. for (C l6 H 2 ,0 T )n: C, 
>o.5; xi, 7.36' / 0 . 

Preparation of Poly(galactose methacrylate) (IV). 
An amount of 3.3 g of the poly(diisopropylidenegalactose methacrylate), pre- 
45 pared as above, was dissolved at 20° in 396 ml. of formic acid and 24 ml of water 

cno' solution was stirred at 20 ° for 22 hr « whe n the specific solution was 
+ 59 , (calculated on weight of acetonated polymer (III)). A further 180 ml. of 
water was then added and the solution stirred for 3 hr. The rotation ([«]-j> + 58°) was 
now constant, thus indicating that hydrolysis of the acetone groups was complete 

50 The solution was dialysed against running water until free from formic acid, con- 
centrated under reduced pressure to small volume, and freeze-dried. The resuMn^ 
white powder of poly(galactose methacrylate) (IV) weighed 2.42 g (96 8*/ viektt 
and exhibited [«]x> + 62.4° (0.5 g./lOO ml. in water). A quantitative determina- 
tion of reducing power with sodium hypoiodite gave a value of 91 2°L 

55 Anal.: C, 48.75; H, 6.58. Calc. for C lfl H 16 0 7 ) n : C, 48.4; H, 6.50%; Its 55 
inherent viscosity m water was 1.91 dl.|g. (0.5 g.|100 ml; 25°). Polymer (IV) was 
soluble m water and dimethylsulphoxide but insoluble in most common solvent. 



Example 2. 



Preparation of Diisopropylidenegalactose 6-Acrylate (V). 
60 Five and a half grams of diisopropylidenegalactose (prepared as described in 



45 



50 



60 



SDOCID. <GB 1099372A_J_> 



1,099,372 



25 



30 



Example 1), 33 ml. of ethyl acrylate, 1.1 g of p-methoxypheaol, and 
SoS titanate were heated at 110° for 2 hr. with storing '"^^ffc^ 
rn^o<4n During the course of the transesterification, 15 mL of emyl ablate |etnanol 
SeoSoDe we^e coUected as distillate. A volume of 4 ml. of water and 20 mL of light 
60-80°). were dien added to the renuxing mixture, which _^ then 
£1bwed?o cool to 20° The gelatinous titanium dioxide was centrifuged, washed three 
tiXeTtith 20 nti each of pettoleum, and the supernatant and washings washed three 
times whh 50 ml. o ^ water, three tunes with 50 ml. of 0.5 ^potassium ^ydrox.de^ 
and fiS three times with 50 ml. of water. After the P^urn ]« "J i0 

10 

at O^'whenr orange-red oil deposited. On decantatioa the supernatant crystallised 
unmediSely. AfL olernight at 0°, the white crystalline mass wa* washed mov^ 
10 ml. portions of methanol-water mixture (1:4 by volume) and dried The crys^ak ^ 

15 of pure diisopropylidenegalactose 6-acrylate (V) weighed 2.69 g-<40-6 AT*** >. ™* 
momer liquoi was concentrated and die solid recrystalhsed from a m^ur^ <* " 
ml. of methanol and 5 ml. of water to give 0.80 g of a second crop. The total yield 
wi 52.6%. The compound (V) liad a melting-point of 57.5° ^and a specific rotauon 
of - 50.2° in chloroform (1 g. 1 100 ml.). AnaL : C, 57.5 ; H, 7.02. Calc. for C la H 32 0, . 20 

20 0,57^^7^^^ ^ ^ (V) was recrystallised three times 

from a mixture of methanol and water. 

Polymerisation of DiisopropyKdenegalaaose 6-Acrylate. 
Ten grams of the diisopropylidenegalactose 6-acrylate, prepared as above, 20 ? 5 
mg. of^oSbutyionitrile, and 2.5 ml. of oxygen-free benzene were heated at 50 
to 24 b7 in a glass-stoppered flask. The polymerised product was worfe^ up exactly 
2 descried in Example- L The dry poly(diisopyropyhdenegalactose acrylate) (VI) . 
wdgtodTlO g. ^% yield) and tod [«] D -50.1° m tetrachloroetiane (0 5 g 100 
ml^Its inherent vfeccsity was 0.91 dljg in tettachloroettone (0.5 g. \10Q mL, 30 
25°). Anal.: C, 57.6; H, 7.05. Calc. for (QJEI-.O,),,: Q 57.3; H, 7.05%. 

Preparation of Poly(galactose acrylate) (VII). 
An amount of 8.8 g of poly(diisopropylidenegalaaose acrylate), prepared as above, 
was dissolved at 20° m 1, 160 mL of anhydrous formic aad and 70 ml. of water 
Tolei TTSis siution^dW two and a half hr quantities of water (totel voteie 35 
35 530 nil) were added at half hourly intervals and the solution sorted for 3 days, 
when Te sp^frotttion was constat at +53° (calculated on weight of aceton^ed 
oolvmcr (VTi) thus indicating that hydrolysis was complete. The final solution wa, 
£££ r^rnSig water, concentrated under reduced pressure .to volume 

and freeze-dried to yield polyfealacrose acrylate) (VII) as a white powder. The 
40 weUTwat 6.90 g. (109% yW^e specific romoon , » water was +/°^^ 
innlrent viscosity in water was 0.58 dL|g. (0.5 g| 100 mL, , 25 ). A ^qiranntatrve 
determination of reducing power widi sodium bypmodite gave a value 
Anal • a 45.3; H, 6.04. Calc. for (QH^O,),,; C, 46.15; H, 6.02%. Polymer fVJUJ 
^soluble in water, dimethylsulphoxide and W-methyl-2-pyrrohdene, but insoluble 

in most common solvents. . , , , . ■ • „ ,„j 

The polymers prepared as herein set forth are useful as sizing agents and 

thickeners. • „ 

Example 3. 

Acetylation of Polyfealactose methacrylate) (IV). 50 
One gram of polyfealactose methacrylate) (IV), prepared as described in i Example 
1, was IKed frlOO ml of dimemylformamide and treated with 12 ^ of pyridine 
and 24 ml of acetic anhydride at 20° for 24 nr The solution w^ add^ drepmse to 
water and the white precipitate was centrifuged and washed with water The dry 
« oToTuct weaning 1.37 *£»s dissolved in 25 ml of pyridine and the solution diaken 55 
55 wta 50 ml ofacltic anhydride at 20° for 24 hr. The product was isolated by potuing 
into water and purified by reprecipitation of a d^^^^^^^r^wdL 
The polymer acetate was washed thoroughly with water and dried to a white^wder, 
weighing 1.335 g and having [*]r.+47° c (0^g/100 «rf m "f^hl^^-. g 60 
inhlrent viscosity in tetrachloroethane was 5.2 dl/g (0.5 ^00 ^ 25 ).^. . ^ 60 
51.6; H, 5.84; Ac, 39.1. Cak. for (C l0 H lt . as O T Ac 3 .,,)n: Q 51.7, H 5 85, Ac, 39.1 
The yie d (826%) was calculated on this formula, i.e. degree of substitution (D.S.)- 
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Benzoylation of Poly(galactose methacrylate) (IV). 
A quantity of 252 mg of poly(galactose methacrylate) (IV) was dissolved in 25 
ml of dimethylformamide and 5 ml of pyridine added. The mixture was cooled to 
0° and 2.5 ml of benzoyl chloride added dropwise, and the solution kept for 7 days at 

5 20° with occasional shaking. The red solution was added dropwise with stirring to 5 

ice-water, and the sticky precipitate washed with water and hardened with methanol. 
The product was dissolved as far as possible in 50 ml of acetone and the insoluble 
gel removed by centrifuging. The viscous supernatant was added dropwise 
with stirring to water and the precipitate washed and dried. The white 

10 polymer benzoate, weighing 422 mg, had [*]i> + 100 dz5° (0.1 g/100 10 
ml in tetrachloroethane) and the inherent viscosity was 9.3 dl/g {0.1 g/100 ml in 
tetrachloroethane at 25°) Anal: C, 65.5; H, 4.86. Calc. for C 10 H 13 3 O r Bz 2 A : 
C, 65.6; H, 5.10%. The yield was 78.6% based on this formula (D.S. = 2.7). 

Phenylcarbamoylation of Poly(galactose methacrylate) (TV). 
15 A quantity of 0.4 g of poly(galactose methacrylate) (IV) was dissolved in 20 15 

ml of dimethylformamide, 2 ml of phenyl isocynate added, and the solution heated 
at 100° for 3 nr. The product was precipitated with ethanol, washed with ethanol 
and ether, and again treated with 20 ml of dimethylformamide and 2 ml of phenyl 
isocyanate as before. The phenylcarbamate was purified by solution in 100 ml of 
acetone and reprecipitation with 400 ml of light petroleum (b.p. 40 — 60°). The 20 
light-brown triphenylcarbamate, weighing 845 mg (82.8% ytiield), had [a]* -f 20° 
(0.1 g/100 ml in tetrachloroethane) and an inherent viscosity of 1.3 dl/g (0.1 g/100 
ml in tetrachloroethane at 25°). AnaL: Q 61.9; H, 5.08; N, 7.2. Calc. for 
(QiHaxNadoX: C, 61.5; H, 5.2; N, 6.9%. The yield was based on this triphenyl- 
25 carbamate formula (D.S.= 3). * 25 

Nitration of Poly(galactose methacrylate) (IV). 
A solution of 1.32 g of nitrogen pentoxide in 10 ml of chloroform, prepared as 
described by Caesar and Goldfrank (J. Amer. Chem. Soc., 1946, 68, 372), was placed 
in a beaker, fitted with a thermometer and stirrer, and 0.2 g of sodium fluoride 

30 added. The reagents were cooled to - 10°, and when the temperature had risen to 30 
0 211 mg of poly(galactose methacrylate) (IV) was added. The temperature rose 
immediately to 4° and stirring was continued for 45 mitt, when the final temperature 
was 10°. The product was washed with chloroform and hot water, and dialysed against 
running water for 3 days. The insoluble trinitrate was isolated as a white powder, 

35 ^gk^S 2 &5 mg (87.4% yield). AnaL: C, 30.0; H, 3.20; N, 10.5. Calc. for 35 
(CioHjaOaaN^: C, 31.3; H, 3.42; N, 11.0%. The yield was calculated on this 
trinitrate formula (D.S. = 3). 

Example 4. 
Acetylation of Poly(galactose acrylate) (VII). 

40 A quantity of 303 mg of poly(galactose acrylate), prepared as described in 40 

Example 2, was dissolved in 30 ml of dimethylformamide and 3.6 ml of pyridine, 
and 7.2 ml of acetic anhydride added. The solution was kept at 20° for 24 hr. 
and then added dropwise to ice-water with stirring, and die precipitate washed with 
water and dried. The product was redissolved in 8 ml of pyridine and again acetylated 

45 as before with 16 ml of acetic anhydride. The polymer acetate was purified by solution 45 
in 40 ml of chloroform and reprecipitation in 200 ml of light petroleum (b.p. 40 — 60°) 
and finally isolated as a white powder, weighing 420 mg, with a D.S. of 3.6. It had 
[<*]i> +52 0 (0.5 g/100 ml in tetrachloroethane) and an inherent viscosity of 0.9 dl/g 
(0.5 g/100 ml in tetrachloroethane at 25°). Anal.: C, 50.8; H, 5.38; Ac 40.1. Calc. 

50 for(C,H 10 . A O T Ac 3 . 6 ): C, 50.5; H, 5.54; Ac, 40.2%. 50 

Benzoylation of Poly(galactose acrylate) (VII). 
A quantity of 207 mg of poly(galactose acrylate) was dissolved in 20 ml of 
dimethylformamide and 4 ml of pyridine, the solution cooled to 0°, and 2 ml of 
benzoyl chloride added dropwise with stirring. The solution was left at 20° for 7 

55 days, when it was added dropwke to ice-water to give a sticky precipitate, which was 55 
hardened with methanol. The benzoate was dissolved in 50 ml of chloroform and 
reprecipitated with 250 ml of light petroleum (b.p. 40 — 60°) to yield a white powder, 
weighing 368 mg (67.3% yield), which had [«] D + 94° (0.5 g/100 ml in tetrachloro- 
ethane) and an inherent viscosity of 1.5 dl/g (0.5 g/100 ml in tetrachloroethane at 25°). 

60 AnaL: Q 67.7; H, 5.26, Calcd. for (QH^C^Bz^),: C, 67.7; H, 4.6S»%. The 60 

u.b. was 3.7. 
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Phenylcarbamoylation af Poly(galactose acrylate) (VII). 
A quantity of 0.2 g of poly(galactosc acrylate) was dissolved in 10 ml of dimethyl- 
formamide, 1 ml of phenyl isocyanate added, and the solution heated at 100 for 3 
hr The cooled solution was added to 100 ml of isopropanol and the precipitate 

5 coagulated with 20 ml of ether. The product was again reacted with the same amounts * 

of dimethylformamide and phenyl isocyanate, and the phenylcarbamate finally purified 
by solution in 40 ml of dimethylformamide and reprecipitation in ten volumes of ice- 
water. The pure compound was a white powder, weighing 352 mg (62.Z/ Q yield), witn 
Mi> + 30 o (0.52 g/100 ml in dimethylformamide), inherent viscosity of 1.0 dl/g 

10 (0.52 g/100 ml in dimethylformamide), and D.S. of 3.6. AnaL: C, 61.9; H, 5.09; w 
N, 7.6 Calc. for [C 0 H 14 O 7 (PhNCO) 3 . 0 ] n : C, 61.9; H, 4.87; N, 7.6%. 

Example 5. 

Preparation of Phenylhydrazone of Poly(gaIactose methacrylate). 
A quantity of 306 mg of polyfealactose methacrylate), prepared as described m 
15 Example 1, was dissolved in 27 ml of dimethylformamide, 3 ml of glacial acetic acid a 
and 3 ml of freshly distilled phenylhydrazine were added, and after 24 hr. at 20 m 
the dark the yellow solution was added dropwise to 300 ml of water. 11k paie- 
yeUow polymer phenylhydrazone (VIII) was washed thoroughly with water and dried. 
It weighed 357 mg (85.6% yield) and was insoluble. Anal.: C, 55.4; H, 6.62, 8.2. 
20 Calc. for (Q^O,). : C, 56.8, H, 6.56; N, 8.3%. 20 

Preparation of Phenylosazone of Polyfeahctose methacrylate). * 
A quantity of 204 mg of poly(galactose methacrylate) was dissolved in 20 ml 
of water, the solution heated to 90°, and 0.2 ml of glacial acetic acid and 0.35 ml 
of freshly distilled phenylhydrazine were added with vagorous stirnng, when a pre- 
25 cipitate separated almost immediately. The mixture was Stirred at 90° for 2 hr., 25 
Soled? aSl the orange product washed with ethanol and ether The orange powder 
weighed 248 mg and was quite insoluble in die normal range of solvents. Anal.: G, 
58~77H, 6.54; N, 10.3- Calc. for a polymer containing two units of phenylhydrazone 
(VIII) for each phenylosazone unit, ja [(C, 6 H 2 2N J! 0 (! ) 2 .C2 2 il 2G JN 4 u s j u . v, n, 
30 6.40; N, 10.2%. 



Example 6. 



Preparation of Phenylhydrazone of Poly(galactose acrylate). 
A quantity of 102 mg of polyfealactose acrylate), prepared as described m 
Example 2, was dissolved in 9 ml of dimethylformamide 1 ml of glaaal acetic acid 
35 and 1 ml of freshly distilled phenylhydrazine were added, and afrer24 hr at 20- 35 
in the dark the solution was added dropwise to 100 ml of water. The pale-yellow 
polymer phenylhydrazone (IX) was washed with water, ethanol and ether to yield 
120 mg (85% yield), which was insoluble in the normal range of solvents. Anal. : C, 
54.0; H, 6.37; N, 8.0. Calc for (C.H^N.O.)*: C, 55.6; H, 6.62; N, 8.6%. 

40 Preparation of Phenylosazone of Polyfealactose acrylate). 40 

A quantity of 0.1 g of poly(gaIactose acrylate) was dissolved in \ 0 J^°tSt 
the solution heated to 90°, and 0.1 ml of glaaal acetic aad and 02 ml offresMy 
distilled phenylhydrazine were added with vigorous stirnng. After 2 nr. at 90 , the 
mixture was cooled, and the orange phenylosazone ^ washed with t water, e**™\"f 

45 ether. It weighed 136 mg and was quite insoluble. AnaL: C, 5^9, H, 6.16, ^N, HK4. 

Calc. for a polymer containing two units of phenylhydrazone (TJQ for each phenylos- 
azone unit, i.e. [(C JS H 20 N 2 O < .) : .QiH„N 1 O 3 ] >1 : C, 57.6; H, 6.26; N, 10.5%. 

Example 7. 

Preparation of Poly(6-0-methacryloyl-D-galactonic acid) (X) and its 
50 1,4-Lactone (XI). _ 

0.991 g of polyfgalactose methacrylate), prepared as described in Example 1, was 
dissolved in 50 ml of 4 M-acetic acid, 40 ml of M-sodium chlorite added, the solution 
diluted to 100 ml with water, and the oxidation allowed to proceed at 20 for hr. 
Acetic acid and inorganic material were removed by dialysis, first against running 
55 tap-water and then against distilled-water, and cations were removed by passage 55 
through an Amberlhe resin IR— 120— H column (" Amberlite " is a Registered Trade 
Mark) The eluate and water washings gave 170 ml of a colourless solution containing 
the polymer acid (X). The solution was divided into two 85 ml portions. 

One portion was freeze-dried to yield a white powder, weighing 330 mg, which 
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was dried in vacuo over Phosphoric oxide at 17° for 18 far. It had [a]„-36° after 
5 days , n water (0.491 g/100 ml) which indicated appreciable conversion into the 
polymeric 1,4-lactone (XI). The inherent viscosity was 7.4 dl/g (0.115 g/100 ml in 
water). Complete conversion into the lactone (XI) was effected by drying the powder 
Za^" 0 - ? VCr P hos P honc «nde « 60°. The product was now insoluble in water, 5 
and its infrared spectrum showed strong absorption at 1780 cm"', which is charac- 

&iSf ' '/J ^ The P°L yacid W 15 thus converted into its ketone (XI) during 
10 conditions & CXtCnt rf ^onisation is dependent on the dryinf 

" " v J ~ 10 

Preparation of Po^sodium^-O-methacryloyl-D-galaCTonate) 
The second 85 ml portion of poly(6-0-methacryloyl-D-galaaonic acid) (X) from 
the above preparation was titrated to pH 9 with 20 ml of 0.1 N-sodium hydroxide 
and the solution dialysed against distilled water for 24 hr. The solution" R 
15 concentrated and Ireeze-dried to yield the sodium salt as a monohydmte, ^ghmg 15 

viwE *?A o ,a ^' [ " ll>+ 17 f/ 100 ml m water )- 11 Possessed^ WghlnfoS 
viscosity (14 9 dl/g) m water (0.1 g/100 ml), which was reduced to 2 2 dl/eT hi 01 

^vS,T,« ° ride I 01 E/ i?° ^ 11118 behaviour k typical of^^ol^f-wtight 
20 IS? p ^ 0lytCS '-, SUCfa as 80< ?™ m sodium Pectat^carrageenan, and manyTJE 

gums and mucilages contaming acidic functions. Anal.: C, 39.0; H, 6 01- Na 76 ™ 

SnverS S° H, ^ a °-?^ )n: .°' 39 5; H > 5<i3 > Na > 74%- ™e%odiiun St wfs 20 
converted into water-insoluble salts on treatment with a range of metal cations in 



25 



30 



Preparation of Poly(calcium-6-0-methacryIoyl-£)-gaIactonate) 
«f ™ W ° f , 10 - 1111 }7° chloride solution was added dropwise to 10 ml 

of an aqueous solution of 51 mg of the above polymeric sodium safcNvhen a white 

tTS^- r^ Plta l e ij r ediatel 7 Se P arattd - ™ was washed wMTwatS ethaoo! 
^ d ^ ? £ e «daum salt as a white powder, weighing 50.7 mg AmlT 
similSy C " CQ^uCa.-.O.),,: Ga, 7.1%. Other insoluble* mJal sate werf prepared 



25 



30 



35 



40 



. Example 8. 

Preparation of Poly(6-0-acryloyl-^galactbnic add) (XII) and its 
35 _ . . 1,4-Laaone (XIII). 

dissolved In 5 ^ ^? 01 ^! 3 ^ 86 - acr y]?^)> Prepared as described in Example 2, was 
<n 5 T 1 "l 4 M " acetlc aci °> 20 ml of M-sodrum chlorite added, Ae soiution 
aautea to 50 ml with water, and the oxidation allowed to proceed at 20° for 24 hr 
The solution was worked up as described above for the methacrylate to yield 132 mi 

40 ml portiST COntammg 46 polymer acid (X 11 )- was divided into two 66 

MM J? De P ^° n Wa j pof^^ted and freeze-dried to give a white powder, weighing 
WhlCh ™ ^ m f^" 0 ^ Phosphoric oxide at 17° for 18 hr. its spfeffi? 
rotation was - 17° m water (0.5 g/100 ml), which showed that some of the carSc 

41 ^JS 0 !? 8 ^ bee ^T 1 7 erted mto 1'4-lactone. Complete laaonisatioT^as 

by u dr ^ ng a * £? for 24 wh en the infrared spectrum showed a ttro^g h« 
« 9 H c^r\™^ P 2 d ^ Wa ^ now *e polymeric lactone (S?? 45 
^oTubleli water ' ? ' * (G » H »°'>" : ^ 46 *> * 5 **%. The lactone was 

-~ 0 Preparation of Poly(sodium 6-O-acryloyl^D-galactonate). 

n 1 J 1 ^ 0 ^ ^ 6 P 01 ^ 011 t of ^ above polyacid (XII) was titrated to pH 9 with <>o 
0.1 N-sodium hydroxide and the viscous solution dialysed against distilled water The 
^E^ C ° DCen ^ ed to give tb/sodiuKt asTwhite^owai! 
ffSS? wfs 12 2^0 1 ? g o5?fe + }°°i\ 5 g/1 °^ J? water >- Its Cerent viscosg 

calcium, barium, copper, lead, and ferric sate were insoluble uTwate? ' 
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' . - Example 9. 

Preparation of Poly(6-0-methacryloyl-D-galactitoI) (XIV). 
0.5 g of poly(galactose methacrylate), prepared as described in Example 1, was 
dissolved in 45 ml of water, the solution cooled to 0°, and sodium borohydride, 152 
mg dissolved in 5 ml of water, added dropwise with stirring. After 24 hr. at 20°, the 5 
solution was acidified with acetic acid, dialysed for 24 hr., concentrated and freeze- 
dried to yield the reduced product (XIV) as a white powder, weighing 419 mg (83.1% 
yield) and having [ce]i> + 15° (0.5 g/100 ml in water). Its inherent viscosity was 2.7 
dl/g (0.5 g/100 ml in water). The compound was nonMreducing to Fehling solution. 
AnaL: C, 47.9; H, 7.20. Calc. f or (Q 0 H la O r )„ : C, 48.0; H, 7.25%. 10 

Nitration of Poly(6-0-methacryloyl-D :: galactitol) (XIV). 

A quantity of 152 mg of the above reduced product (XIV) was nitrated with 
nitrogen pentoxide in chloroform exactly as described in Example 3 for poiy(galactose 
methacrylate). The ester, weighing 244 mg (93.5% yield), was a white powder, which 
analysed as a tetranitrate. Anal.: Q 26.9; H, 3.26; N, 13.4. Calc for (CioHuN^O^: 15 
C, 27.9; H, 3.28; N, 13.0%. 40% of the product was soluble in ethyl acetate, the 
remainder forming a clear, insoluble gel. 

The above reactions carried out with the polymers poly(ga!actose 6-methacrylate) 
and poly(galactose 6-acrylate) indicate, in general, that they are much more reactive 
than natural polysaccharides. 20 

The commercial usefulness of natural polysaccharides containing carboxylic acid 
groups is well established, eg. pectin, alginic acid, and the natural gums and mucilages 
(cf . ** Industrial Gums R. L. Whistler and J. N. Bemiller, editors, 1959, Academic 
Press; New York). The polymers of the present invention can be readily converted 
into polyacids and polylactones as shown in the examples. A recent attempt has been 25 
made by Khomyakov et al. (Vysokomolekul. Soedin., 1965, 7 1030) to increase the 
reactivity of dextran by introducing aldehyde and carboxyl groups by periodate 
oxidation followed by chlorite oxidation. Many other examples of this type of reaction 
with natural polysaccharides can be cited. 

On the other hand, the reduced polymer, poly(6^-methacryloyl-D-galactitol), 30 
will be much more stable than the aldehydic polymer, and this could be an advantage 
in some cases. 

The polyphenylhydrazones and polyphenylosazones might be useful chelating 
agents. 

The raw material for the preparation of the compounds of this invention, i.e., 35 
galactose is prepared from lactose or milk sugar, which is a by-product from cheese 
production and is obtained from whey as a crystalline solid of greater than 99% 
purity. Lactose is used to a limited extent in food and drug preparations but is not 
used to any extent as an intermediate in the chemical industry. The utilisation of 
galactose in synthetic polymer production is thus a great benefit to the milk industry 40 
and greatly increases the value of whey. 

The compounds of galactose prepared by the present invention are superior to the 
glucose compounds described in U.S. Patent No. 3,103,508. This is due to the galac- 
tose monomers being obtainable in a well-defined, highly pure crystalline state, which 
fact would not be obvious to anyone skilled in the art and required extensive investiga- 45 
tion into their preparation. The aforesaid crystalline cnaracteristics enables polymers 
of higher molecular weight to be obtained. . 

WHAT WE CLAIM IS: — 

1. A method of preparing a polymer from esters of olefinically unsaturated 
polymerisable mono^ and di-carboxylic acids and galactose comprising reacting a ketone 50 
with galactose to form a 1,2:3,4 diketal, forming an ester of said diketal and an 

*xJ3 olefinically unsaturated polymerisable mono- or di-carboxyiic acid, polymerising 
said ester hi the presence of a free radical catalyst- and finally removing the diketal 
residues from the polymerised product by controlled hydrolysis. 

2. A method according to claim 1 wherein the ketone is acetone, methyl ethyl 55 
ketone, methyl propyl ketone, mono-chloracetone or cyclohexanone. 

3. A method according to claim 1 or 2 wherein the olefinically «x># unsaturated 
mono- or di-carboxylic acid is acrylic, methacrylic, a-chloracrylic, ar-cyanoacrylic, 
maleic, half esters of maleic, fumaric, half esters of fumaric, «-ethacrylic, haconic or 

half esters of itaconic acid. 60 

4. A method according to any one of the preceding claims wherein the controlled 
hydrolysis is effected by dissolving the polymerised product in an organic add and 
diluting the solution gradually with water. 



1,099,372 



10 



15 



20 



30 



35 



40 



45 



50 



11 



5. A method according to clam 4 wherein the organic acid is formic acid. 

6. A method according to any one of the preceding claims wherein the free 
radical catalyst is azobisisobutyronhrile. Iree 

h JL£ SS^i aCCOT ^ g t0 0ne of ^ preceding claims wherein the diketal 
HiiSlr ^ I ° we f, Mrocarbon ester of the ^ olefinically unsaturated mono- or 

tdS^J^t m . th t ?^? c ?„ of * vinyl Polymerisation inhibitor and a catalyst 
and the hydrocarbon alcohol is distilled off as it is formed. 

8. A method according to any one of claims 1 to 6 wherein the ester is oreoared 
dT-ca^Sc^dd " aDhydridC ° f <>^aUy m unSSd moTo^S 



34. Diisopropylidcne galactose 6-methacrylate. 

35. Diisopropylidcne galactose 6-acryiate. 
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^/tf 01 * 11 ?* 0 * a f, CSter betW ^ n toy*™* group in the six position of galac- 
tose and an olefimcaUy unsaturated mono- or di-carboxylic acid 

10. Poly(dhsopropylidene galactose 6-methacrylate). 

11. Poly(dnsopropylidene galactose 6-acrylate) 

12. Poly(galactose 6-methacrylate). " 15 

13. Poly(galactose 6-acrylate). 
\ c* 2 cetate P ol y(galactose 6-methacrylate). 
15. The benzoate of poly(galactose 6-methacrylate). 
\%* phenylcarbamate of poly(galactose 6-methacrylate). 

17. The nitrate of poly(galactose 6-methacrylate). 20 
in ^ P^y^ydnaanc of poly(gakctose 6-methacrylate). 

3? e P hen y losazone of poly(galactose 6-methacrylate). 
20. The acetate of polyCgalactose 6-acrylate). 
25 21. The benzoate of poly(galactose 6-acrylate). 

22. The phenylcarbamate of poly(galactose 6-acrylate). 25 
5" P^y^y 4 ^ 2 ©^ of poly(galactose 6-acrylate). 

24. The phenylosazone of poly(galactose 6-acrylate). 

25. Poly (6-O-methacryloyl-D-gaIactonic acid) and the 1,4-lactone thereof. 

26. Poly(sodium 6-O-methacryloyl-^D-galactonate). 

27. Poly(caIcium 6-O-toetfiacryloyl-D-galactonate). 30 

28. Poly(6^-aciyloyl-D-galactonic acid) and the 1,4-lactone thereof. 

29. Poly(sodium-6-0-acryloyl-D-galactonate). 

30. Po^o^O-methacryloyl-^D-galactitol). 

31. The nitrate of poly(6-0-memacryoyl-D-galactitol). 

tose 1^ l POl ^i ri fi^ le n eSter h *^te todxo& group in the six position of galac- 35 
tose and an olefimcaUy unsaturated polymerisable mono- or di-cirboxyHc add. 

unJILtt* ^T 1611 "!? u ter f acc0 ** i ?S t0 dain * 32 wherein the «^ olefinically 
ur^turated mono- or di-carboxyhc acid is acrylic, methacryHc, «-chloracrVlic, ec-cyznl 
acrylic, makic, half esters of maleic, futnaric, half esters of fumari^«4tSSS 
itaconic or half esters of itacoiric acid. * ^ uc> . n 



36 ' £ method of preparing a polymerisable ester of galactose and an «J? olefinic- 
"J™ 1 *!* Polymerisable aliphatic mono- or di-carb^xyUc acid comprW re^L 
wlh arf ose to fom 3,4 diketal and the^after reacting Sfi£ 4 5 

wtfh an afi olefimcaUy unsaturated polymerisable aliphatic mono- or di-carboxylic 

n^Lc^r 6 ^ 0 !^ prcparing a P? 1 ^^ from esters of «fi olefinicaUy unsaturated 
SftS T i aUp ^ C m ,? n °" ° r di -^ b ^lic acids and ^lactose and derfrrircs 
of said polymer substontiaUy as hereinbefore described with inference to the ExLnpk? 50 
m **'J£^TL °f of M olefinically unsaturated polymerisable 2tic 

SSL^hJ^tt ^ ^ gdactose derivatives of said polymers S 
prepared by the methods of any one of claims 1 to 8 and claim 37. 
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